Abstract. BRAF-activated non-coding RNA (BANCR) is a long non-coding RNA (lncRNA) that contributes to the initiation and development of many solid tumors, including melanoma. However, the BANCR functions and downstream mechanisms are largely unknown. In this study, we aim to investigate how BANCR participates in the proliferation and migration of malignant melanoma and elucidate the underlying mechanism in this process. We found that the expression of the BANCR was low in melanocytic nevus and human melanocytes but high in melanoma tissues and cell lines. Knockdown of BANCR inhibited melanoma cell proliferation and invasion, and induced cell apoptosis. The decreased expression of relative marker proteins further demonstrated the inhibitory effect of BANCR siRNA in cell growth and migration. Then, we detected downregulation of microRNA-204 (miR-204), a suppressor of melanoma growth, in melanoma tissues and cell lines. We identified that miR-204 was a direct target of BANCR and neurogenic locus notch homolog protein 2 (Notch2) was a direct target of miR-204. BANCR may promote melanoma cell growth through inhibition of miR-204, leading to the activation of Notch2 pathway. By tumorigenicity assay in BALB/c nude mice, we further demonstrated that BANCR knockdown inhibited tumor growth in vivo. Our results suggest the BANCR/miR-204/Notch2 axis mediates melanoma cell proliferation and tumor progression.
Introduction
Melanoma, a malignant tumor of melanocytes, is one of the most frequent malignancies and considered to be the most aggressive type of skin cancer (1, 2) . Melanoma is characterized by rapid progression and poor prognosis, mainly due to the limited efficiency of treatments and development of resistance to chemotherapy (3, 4) . Although melanoma accounts for <1% of skin cancer cases, it contributes to the majority of deaths that result from skin cancer. It is estimated that one person will die from melanoma every hour (5) . Despite of the recent advances in anti-melanoma chemotherapies and immunotherapies, currently available treatment strategies are only able to prolong life for just a few months before the disease relapses, leading to death (6, 7) . Therefore, there is an urgent need for novel therapeutic strategies to improve clinical outcomes for these patients.
Long non-coding RNAs (lncRNAs), ranging from 200 nucleotides to over 10 kb, have been found to dysregulate in many human diseases and disorders, including various types of cancer (8, 9) . lncRNAs have demonstrated potential roles in both oncogenic and tumor suppressive pathways (10) . For example, both MEG3 and GAS5 exert oncogenic activities in gastric cancer, and the overexpression of them is often associated with poor prognosis (11, 12) . MALAT1 promotes osteosarcoma growth, also exerting an oncogenic activity (13) . BRAF-activated non-coding RNA (BANCR), a 693-bp lncRNA on chromosome 9, has been reported to exert oncogenic acvities in many cancers under some specific conditions, such as non-small cell lung cancer, papillary thyroid carcinoma and colorectal cancer (14) (15) (16) . Recent studies reported that BANCR is abnormally overexpressed in human malignant melanoma cell lines and tissues, and promotes proliferation and migration in malignant melanoma (17, 18) . These results suggest the oncogenic role and potential of BANCR as a therapeutic target for melanoma. While these findings demonstrate a clear correlation between BANCR and melanoma, the specific effect of BANCR on melanoma tumorigenesis and the mechanisms involved remain to be investigated.
MicroRNAs (miRNAs, miRs), about 22 nucleotides long, regulate the expression of most genes in human, but we are BANCR contributes to the growth and invasion of melanoma by functioning as a competing endogenous RNA to upregulate Notch2 expression by sponging miR-204 only now beginning to understand how they are generated, assembled into functional complexes and degraded (19) . Recent studies reported that the interplay between miRNAs and lncRNAs plays an important role during the tumorigenic process, providing new insight into the possible regulatory mechanisms in cancers. For example, BANCR promotes endometrial cancer cell proliferation and invasion by regulating MMp2 and MMp1 via ERK/MApK signaling pathway (20) . particularly, many lncRNA/miRNA axes were reported to function in melanoma. lncRNA CCAT1 upregulates proliferation and invasion in melanoma cells via suppressing miR-33a (21) . Besides, deregulation of miR-183 promotes melanoma development via lncRNA MALAT1 regulation (22) . These studies illustrate that the lncRNAmiRNA interaction might be important in the process of melanoma, laying the foundation for current study. The Notch signaling through Notch receptors regulates cell proliferation and cell survival in several types of cancer including melanoma. A previous study showed that the activation of Notch may represent an early event in melanocytic tumor growth and upregulation of this pathway may sustain tumor progression (23) . Also, other studies showed that the activation of Notch pathway can be controlled by microRNAs in melanoma. For example, miR-146a promotes the initiation and progression of melanoma by activating Notch signaling (24) . In this study, we aimed to investigate the effects of BANCR/miR-204/Notch2 axis on the regulation of melanoma and the possible mechanisms underlying these actions, and to provide a new aspect for development of novel treatment strategies. Cell counting kit-8 assay. Cell proliferation assay using the cell counting kit-8 (CCK-8; Dojindo, Japan) was performed according to the manufacturer's instructions. Briefly, cells were seeded into 96-well plates at a density of 5x10 3 cells per well with complete growth medium. After 24-h incubation, the cells were transfected with BANCR shRNAor shRNA scramble. After 48-h of culture, the growth medium was removed from each well, and then all the wells were filled with 100 ml of fresh medium containing 10 ml CCK-8 solutions. After incubated for 2 h at 37˚C, cell proliferation was assessed by absorbance detection at 450 nm with a microplate reader (Biotek, Winooski, VT, USA).
Materials and methods

Cell
Western blotting. RIpA buffer (Sigma-Aldrich, St. Louis, MO, USA) was used to lyse cells with Complete protease Inhibitor Cocktail (Roche). Cell lysates at a density of 7x10 6 cells were transferred to 1.5 ml tube and kept at -20˚C before use. The protein concentration was determined by BCA protein assay (Tiangen, China). Twenty micrograms of protein in each sample was separated by 12% SDS-pAGE, which was conducted to separate the cellular proteins. proteins were separated by 5% stacking gel and 10% running gel. After blocking for 1 h, the membranes were incubated with specific primary antibodies overnight at 4˚C followed by secondary antibodies for 2 h at room temperature. The molecular weight of candidate proteins was referred to the pre-stained SeeBlue rainbow marker (Invitrogen) loaded in parallel. The following antibodies were used: anti-Ki-67, anti-pCNA, anti-caspase-3, anti-Bcl-2, anti-MMp-9 (active), anti-MMp-14, anti-VEGF, anti-Notch2, anti-NICD, anti-CSL (Abcam, Cambridge, UK), anti-GApDH (Sigma, St. Louis, MO, USA). Blots were detected using a Kodak film developer (Fujifilm, Japan).
Cell apoptosis analysis. Cell apoptosis was analyzed after appropriate plasmids transfection using staining with Annexin V and pI (BD Bioscience, San Jose, CA) according to the manufacturer's instructions. After incubated for 15 min at room temperature in the dark, the cells were analyzed by using a flow cytometry. Annexin V-positive and pI-negative/positive staining cells represent apoptotic cells.
Transwell migration assay. After transfection for 48 h, the cells were seeded onto the upper part of a Transwell chamber (Corning Costar, Rochester, NY, USA) containing a gelatincoated polycarbonate membrane filter (pore size, 8 µm). Culture medium with 20% FBS was added to the lower chamber to stimulate cell migration. After 24-h incubation at 37˚C with 5% CO 2 , the cells were stained with crystal violet (Sigma-Aldrich, Germany). Cells on the underside of the filters were observed under a microscope (Olympus IX71; Olympus Corp., Tokyo, Japan) at a magnification of x100 and counted.
Wound healing assay. After transfection for 48 h, the subconfluent cell monolayers were scraped in three parallel lines with a p-200 pipette tip. The detached cells were washed off twice gently, and the medium was then replaced with 1% FBS complete medium. To visualize wound healing, images were taken at 0 and 24 h. The percentage of wound closure (original width-width after cell migration/original width) was calculated.
Zymography. The activities of MMp-2 and MMp-9 were measured by gelatin zymography according to a previous report (25) . Briefly, proteins were separated by electrophoresis on a 10% polyacrylamide gel (Sigma-Aldrich, USA). Gels were washed for 1 h and incubated in 50 mM Tris-HCl buffer, pH 7.2, containing 10 mM CaCl 2 , 0.02% NaN 3 , and 2.5% Triton X-100 for 20 h at 37˚C. Gels were stained with 0.1% Coomassie Blue R-250 in 20% methanol, and 10% acetic acid, and de-stained in 20% methanol and 10% acetic acid. MMp-2 and MMp-9 activities were detected as clear bands on a blue background. Zymograms were captured by gel visualization system and quantified with gene tools software (Syngene, Cambridge, UK). The activities of gelatinases were expressed as the optical density of the substrate lysis zone. ). Twenty-five days after injection, the mice were sacrificed and tumor weights were measured.
Statistical analysis. Experimental values were obtained from at least three independent experiments. Data are expressed as means ± SD. Statistical analysis was performed by using the Student's t-test or one-way analysis of variance (GraphPad Prism; GraphPad Software Inc, La Jolla, CA, USA), where appropriate. The Bonferroni post hoc test was used to determine the source of observed differences. p-values of <0.05 were considered statistically significant.
Results
BANCR is frequently upregulated in malignant melanoma tissues and cell lines.
The expression of BANCR in melanoma tissues and cell lines was evaluated using SYBR green quantitative pCR analysis by real-time pCR. As shown in Fig. 1A , a significantly increased level of BANCR was seen in patients with malignant melanoma compared with the levels detected in age/gender-matched controls with melanocytic nevus (p<0.01). Then we extended our test to three human melanoma cell lines (A375, A875 and M14). As expected, high-level expression of BANCR was observed in all three melanoma cell lines compared with human epidermal melanocytes (p<0.01, Fig. 1B) . These results suggest that BANCR may play an important role in the development and progression of melanoma.
Knockdown of BANCR inhibits melanoma cell proliferation in vitro.
According to previous results, the overexpression of BANCR was observed in all three cell lines. The expression level of BANCR in A875 is a little lower compared with cell lines A375 and M14, so we chose A375 and M14 for further investigation. To determine the association of BANCR expression with melanoma cell proliferation and apoptosis, BANCR shRNA or LV-NC (negative control) were transfected into two human melanoma cell lines: A375 and M14. Compared with the control group, BANCR expression was decreased in cells transfected with BANCR shRNA as measured by realtime qpCR (p<0.01, Fig. 2A) . Then, the effects of BANCR knockdown on the growth of melanoma cells in vitro was measured by CCK-8 assays. When compared with the control group, BANCR knockdown restrained the proliferation folds of both A375 and M14 cell lines (p<0.05, Fig. 2B ). To better understand the influence of BANCR on the melanoma cell proliferation, the expression of Ki-67 and pCNA in the melanoma cell lines A375 and M14 was assayed by western blotting (p<0.01 and p<0.05, respectively, Fig. 2C ). The expression level of Ki-67 and pCNA were significantly reduced after transfection with BANCR shRNA compared with control group. These data strongly support a requirement for BANCR in the proliferation of melanoma cells. Moreover, to explore potential mechanisms underlying the growth-inhibitory effects of BANCR knockdown, we assessed cell apoptosis in A375 and M14 cells by flow cytometry analysis. As shown in Fig. 2D , the proportion of apoptotic cells in the BANCR shRNA group was significantly increased in comparison with that in the control group. To further understand the influence of BANCR on the melanoma cell apoptosis, the expression of cleaved caspase-3 and Bcl-2 in the melanoma cell lines A375 and M14 were assayed by western blotting (p<0.01, Fig. 2E ). The expression cleaved caspase-3 in BANCR shRNA group obviously increased compared with the control group, while the expression of Blc-2 reduced.
Knockdown of BANCR suppresses melanoma cell migration and invasion in vitro.
The effect of BANCR on the migratory capability was assessed by Transwell chamber assay and wound healing assay in A375 and M14 cells. As illustrated in Fig. 3A , the Transwell assay showed that the number of migratory cells in the BANCR shRNA group was significantly decreased compared with that in the control group (p<0.001). The wound healing assay also exhibited that the closing rate of scratch wounds was significantly decreased by BANCR knockdown compared with the control group (p<0.001, Fig. 3B ). To better understand the influence of BANCR on the melanoma cell migration and invasion, the expression of MMp-9, MMp-14 and VEGF in the melanoma cell lines A375 and M14 were assayed by western blotting (p<0.01, Fig. 2C ). In addition, the activity of MMP2 and MMP-9 was significantly decreased under BANCR shRNA treatment by zymography assay (p<0.01, Fig. 3D ). These results imply that BANCR is involved in the promotion of melanoma cell motility.
miR-204 is a direct target of BANCR.
Growing evidence supports that miR-204 may functions as a tumor suppressor and plays a prominent role in the development of several cancers under some specific conditions (26) (27) (28) . Bioinformatics analyses predicted that BANCR might be a putative target gene of miR-204, suggesting a potential interaction between miR-204 and BANCR (Fig. 4A) . Then, we examined expression level of miR-204 in melanoma tissue samples and melanoma cell lines (A375, A875 and M14). As illustrated in Fig. 4B and C, miR-204 was significantly downregulated in melanoma tissues compared with the melanocytic nevus (p<0.01), while low-level expression of miR-204 was also observed in melanoma cell lines rather than the human epidermal melanocytes (p<0.01).
Considering the expression of miR-204 was lower in A375 and M14 cells compared with cell lines A875. A375 and M14 were chosen for the following experiments. To investigate whether miR-204 is a direct target of BANCR, A375 and M14 cells were transfected with BANCR shRNA or shRNA scramble. The results showed that BANCR knockdown significantly caused upregulation of miR-204 compared with control group (p<0.001, Fig. 4D ). Then, we generated two luciferase reporter constructs: a wt-BANCR and a mut-BANCR. The mut-BANCR contained a 3 bp mutation in the putative miR-204 binding site (Fig. 4A) . We use wt BANCR transfected cells for convincing the targeting relationship between BANCR and miR-204. The wild-type BANCR and mutant BANCR were inserted into a luciferase reporter vector (pGL4.74) for luciferase reporter assay. Considering the high levels of BANCR, these wt-BANCR and mut-BANCR vectors and miR-204 scramble or miR-204 mimic were co-transfected into M14 cells, respectively. When compared with the control group, luciferase activity of the wt-BANCR vector deceased in cells transfected with miR-204 mimic (p<0.05, Fig. 4E ). The repression of luciferase activity by miR-204 was not seen in cells transfected with mut-BANCR (Fig. 4E) . These results suggested a direct interaction between miR-204 and BANCR via the 3-bp putative miR-204 binding site.
miR-204 is involved in the growth and migration of melanoma.
We further investigated the role of miR-204 in melanoma, CCK8 assay displayed that the restrained proliferation of M14 cells was enhanced adding miR-204 inhibitor in BANCR shRNA group (p<0.05, Fig. 5A ). Moreover, we assessed cell apoptosis in M14 cells by flow cytometry analysis. As shown in Fig. 5B , the proportion of apoptotic cells in the miR-204 inhibitor group co-transfected with BANCR shRNA was significantly lower than that in BANCR shRNA group (p<0.001). In addition, to assess the effect of miR-204 on the melanoma cell migratory capability, wound healing assay and Transwell chamber assay were performed in M14 cells. As illustrated in Fig. 5C , the wound healing assay showed that miR-204 inhibitor group co-transfected with BANCR shRNA promoted the ability of melanoma cells to close a gap compared with BANCR shRNA group (p<0.05). Also, for the migratory cells in the miR-204 inhibitor group co-transfected with BANCR shRNA was obviously increased compared with that in BANCR shRNA detected by the Transwell assay  (p<0.01, Fig. 5D) . Together, these data demonstrated that miR-204 inhibited melanoma cell proliferation and migration.
BANCR knockdown restrains the activation of Notch 2 pathway. Bioinformatics analyses predicted that miR-204 might be a putative target gene of Notch2 (Fig. 6A) . To convince their target relationship, we measured the expression of Notch2, NICD and CSL in response to BANCR shRNA or shRNA scramble co-transfected with miR-204 scramble or miR-204 inhibitor in human melanoma cell line M14. The expression level of Notch2, NICD and CSL were downregulated by knockdown of BANCR compared with shRNA 
Downregulation of BANCR inhibits tumorigenesis of melanoma cells in vivo.
To confirm whether the expression level of BANCR affects tumorigenesis in vivo, M14 cells transfected with BANCR shRNA or shRNA scramble were subcutaneously inoculated into nude mice. After injection, tumor growth in the BANCR shRNA group was obviously slower than that in the shRNA scramble group, especially after 20 days of observation (P<0.05, Fig. 7A and B) . To confirm the mechanism through which BANCR exerts its oncogenic effects in melanoma, real-time qpCR was performed to analyze the mRNA expression of BANCR, miR-204 in melanoma tissues. As shown in Fig. 7C and D, BANCR shRNA obviously decreased the expression of BANCR and increased the expression of miR-204 compared with the shRNA scramble group (p<0.01). Furthermore, we also measured the expression of Ki-67, caspase-3 and MMp-9 in melanoma tissues. BANCR downregulation significantly increased the protein level of caspase-3, while reduced the Ki-67 and MMp-9 compared with shRNA scramble group (p<0.05, Fig. 7E and F) . In addition, BANCR shRNA significantly decreased the protein levels of Notch2, NICD and CSL compared with control group, further indicating that Notch2 pathway indeed participates in the BANCR-mediated tumorigenesis of melanoma (p<0.05, Fig. 7G and H ). These results demonstrate that BANCR/miR-204/Notch2 pathway plays a crucial role in melanoma cell growth in vivo.
Discussion
Genome-wide studies have identified thousands of lncRNAs lacking protein-coding capacity. Although lncRNAs only make up a small proportion of the entire genome, recent studies suggest that they facilitate normal growth and development and underpin disease when dysfunctional (29, 30) . For example, lncRNA HOTAIR correlates with disease progression in bladder cancer (31) . particularly, elevated level of lncRNA is often associated with the progression of melanoma. For instance, the overexpressed lncRNA SLNCR1 promotes melanoma invasion through a conserved SRA1-like region (32) . Upregulated lncRNA SpEY4-IT1 induces apoptosis and promotes invasion of melanoma (33) . Although these studies are beginning to unravel the importance of lncRNAs in melanoma, their functions and mechanisms are largely unknown.
BANCR was found overexpressed in numerous cancer tissues and cell lines and may play an important role in the development of many malignancies. A report indicated that overexpressed BANCR is associated with poor prognosis for non-small cell lung cancer and promotes metastasis by affecting epithelial-mesenchymal transition (EMT) (15); BANCR promotes proliferation and invasion by regulating MMp2 and MMp1 via ERK/MApK signaling pathway (16) . Besides, BANCR promotes colorectal cancer migration by inducing epithelial-mesenchymal transition (14) . Other reports have demonstrated that increased level of BANCR played a potential functional role in melanoma cell proliferation and migration through regulating MApK pathway activation (17) . Given the above reports, we applied BANCR in the context of melanoma in this study. In accordance with these reports, our study found that BANCR was highly expressed in melanoma and BANCR konckdown could significantly inhibit melanoma growth and migration, suggesting that BANCR functions as an oncogene in the melanoma progression.
MicroRNAs regulate a variety of normal physiologic processes, such as development, cell differentiation, and regulation of cell cycle and apoptosis, and are involved in pathogenesis of multiple malignancies, including melanoma (19, 34) . Reports suggest that miR-204 plays a dual regulatory role in cancer. Li et al, identified miR-204 an oncomiR through targeting prostate-derived Ets factor (pDEF) and inhibiting the pDEF tumor-suppressive function in pCa (35) . miR-204 was also indicated to play a tumor suppressive function in pAC cells, but acts as an oncomiR in NEpC cells (36) . However, accumulated evidence suggests miR-204 plays a prominent role in inhibiting the development of multiple types of cancer. For example, VHL-regulated miR-204 suppresses tumor growth through inhibition of LC3B-mediated autophagy in renal clear cell carcinoma (26) . Besides, MALAT1 interacted with miR-204 to modulates human hilar cholangiocarcinoma proliferation, migration and invasion by targeting CXCR4 (37). These results suggest that an lncRNA-miRNA interaction might be important in the process of tumorigenesis. Consistent with the above studies, our results showed that an interaction between miR-204 and BANCR plays a role in the regulation of melanoma tumorigenesis.
The Notch pathway controls diverse processes, such as regulation of lymphoid development, differentiation and function (38) enhancing retinal pigment epithelial cell proliferation, while aberrant notch signaling has been identified in numerous tumor types, such as activation of the Notch pathway in head and neck cancer and in melanoma tissues and cell lines (39) . Inhibition of Notch expression can suppress proliferation and invasion of melanoma (40) . BANCR contributes to the progression of malignant melanoma by regulating MApK pathway activation. Studies also showed that the activation of Notch pathway can be controlled by microRNAs in melanoma. For example, miR-146a promotes the initiation and progression of melanoma by activating Notch signaling (41) . Given these reports together with our previous results, we speculated a BANCR/miR-204/ Notch axis in regulating melanoma. The results showed that BANCR knockdown induced suppressed growth, metastasis and inactivation of Notch pathway were counteracted by miR-204 inhibition. In addition, a melanoma xenograft animal model was carried out to evaluate the effects of BANCR on miR-204 and Notch2 expression in vivo, further indicating that miR-204 and Notch2 pathway indeed participate in the BANCR-mediated tumorigenesis of melanoma.
In conclusion, these data support the BANCR/miR-204/ Notch2 axis in melanoma tumor progression whereby BANCR promotes melanoma cell growth and migration through activating Notch2 pathway via targeting miR-204. This is the first time that BANCR, miR-204, and Notch2 have been linked in melanoma. A better understanding of the microRNA-lncRNA interaction and their regulation will provide new insight into mechanisms underlying various aspects of tumorigenesis including tumor growth and tumor-drug resistance, providing a new aspect for development of novel treatment strategies.
